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1 101356/ES/ESD 

ROUTING IN A PRIVATE NETWORK WITH COMPRESSION 

The present invention concerns a method of routing 
in a private network in which at least some links employ 
compression . 

5 The invention concerns private telecommunication 

networks. Such networks are made up of communication 
nodes interconnected by links carrying calls and/or 
signaling. It applies equally to private networks made 
up of dedicated links (physical private networks) , 

10 virtual private networks and hybrid networks combining 
these two solutions. In the remainder of the 
description, the invention is described with reference to 
one example of a private network with signaling, but it 
applies more generally to other private networks. 

15 BACKGROUND OF THE INVENTION 

In such networks, compressing the signal transmitted 
on some links is known in itself. This can be the case 
in particular on links that have only one channel, to 
enable the routing of a greater number of calls. 

2 0 Compression can have the drawback of causing a loss of 
quality and, sometimes, of increasing transit time 
because of the time needed for compression and 
decompression. A large number of compressions and 
decompressions can cause echoes and attenuation. 

2 5 Some prior art routing methods are unaware of the 

number of compressions and decompressions and accept 
deterioration of call quality if the number is high. In 
some instances quality is degraded. Other routing 
methods use a static routing table, in which the number 

3 0 of compressions and decompressions is limited. This 

solution has limitations and the private network cannot 
be exploited to the full using that solution. A final 
solution is to use the configuration facility to limit 
the number of transit nodes and therefore the number of 
3 5 compressions and decompressions; that solution is not 
applicable in all private networks and limits their 
configurations . 



The problem of overflow also occurs in private 
networks, i.e. the problem of a call request that cannot 
be satisfied by the network because its resources are 
congested. This can happen if the private links of the 
5 private network are of fixed capacity, rather than of a 
capacity that is allocated dynamically and which is less 
than the maximum volume of traffic. Completing the 
corresponding call by way of the public network or some 
other external network is known in itself. In other 
10 words, if a user at a first node of the private network 
wishes to call a user at a second node, and if at least 
one link of the private network is congested so the call 
cannot be completed, the call is completed directly from 
the first node to the second node via some external 
15 network - typically the public network. 

This solution gives rise to the following problems. 
Firstly, using the public network incurs a cost; 
secondly, it is not certain that there is a public 
network access circuit group for all the nodes. 
2 0 Moreover, from the economic point of view, that solution 
is not very cost effective, and it does not exploit the 
resources of the private network to the full. 

OBJECTS AND SUMMARY OF THE INVENTION 
The invention proposes a solution to these problems; 

2 5 it manages overflows out of the private network in a way 

that minimizes the cost of access to the public network 
and maximizes the use of resources within the private 
network. It applies not only to overflows to the public 
network, but more generally to overflows to any type of 

3 0 network external to the private network: public switched 

network, public land or satellite mobile network, another 
private network, etc. 

The Dijkstra algorithm is described in the 
literature on algorithms and it calculates the shortest 
3 5 path between two nodes in a graph. The algorithm 

operates as follows: it considers a graph G with N nodes, 
and which is valued, i.e. each existing path of the graph 
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between two nodes 1 and j_ is given a value or weight 
I(i, j) . It considers an outgoing node s of the graph G 
and an incoming node d; it seeks a path minimizing 7i(s, 
d) , the distance from s to d, i.e. the sum of the values 
5 of the connections connecting s to d. S is the subgraph 
of G made up of the nodes x for which the minimum path to 
s is known, and S is its complement. F± is the set of 

nodes adjoining a given node ±. 

Initially the subgraph S contains only the node s, 
10 and S contains all the other nodes, with the following 
initial values given thereto: 

n(s, i) = I(s, i) for i e F Sf the parent node being 

s; 

n(s, d) = oo, for the other nodes, which have no 
15 parent node. 

An iteration of the algorithm is effected in the 
following manner. 

If S is empty, or if it contains only nodes ± with 
n (s, i) = oo, the algorithm has finished. 
2 0 Otherwise, the node n of S is considered which is 

nearest the source node, i.e. the node which minimizes 
7i (s, i) , i e S; this node is taken from S" and placed 
in S . 

The nodes adjacent this node n are then considered 

2 5 and the algorithm calculates 

7i (s, n) + 1 (n, j), j e T n and j e S; 

If this quantity is less than n(s, j), then 7i(s, j) 
is updated: 

7r(s, j) := 7r(s, n) + 1 (n, j) 

3 0 and the parent node of ± is also updated, which 

becomes n. 

This operation is carried out for all the nodes of 
T^, after which s" is reordered. 

In this way, all the nodes of the graph are 
3 5 progressively added to S, in order of increasing path 

length. To find a path to a given node d, the algorithm 



can be interrupted before it finishes, once the 
destination node has been added to the subgraph S. 

The validity of the algorithm is demonstrated by the 
following reduction ad absurdum argument. Consider the 
5 node n nearest S which must be added to S . If there is a 
nearer path, that path starts from s and arrives at n and 
has a first node m in S . Then: 

7t (s, m) + 7u(m, n) < 7c(s, n) 

and, since % (m, n) is positive or zero: 
10 ti(s, m) < p(s, n) 

which contradicts the hypothesis. It is also clear 
that ^(s, m) has been calculated in a preceding 
iteration, when adding the parent of m to S. 

The invention proposes a solution to the problem of 
15 routing in private networks using compression of signals 
on some links, which preserves call quality, combined 
with good exploitation of the capacities of the network. 
It also satisfies other constraints and manages overflows 
to other networks, for example. 

2 0 It is clear that this problem is a serious technical 

problem and that the claimed method constitutes a 
technical solution to a technical problem from this point 
of view, even if it does use an algorithm. 

To be more precise, the invention proposes a method 
25 of routing between a source node (s) and a destination 
node (d) in a network having nodes interconnected by 
links, compression being used on at least one of said 
links, the method comprising at least two routing 
calculation steps for a given number of compressions, a 

3 0 routing calculation step for a given number of 

compressions using information obtained during a routing 
calculation step for a number of compressions less than 
said given number. 

In one embodiment of the invention the method 
35 comprises choosing a cost function and the routing 
calculation minimizes the cost function. 
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A routing calculation step for a given number of 
compressions advantageously comprises, at a node (n) 
where the number of compressions from the source node is 
equal to the given number, seeking and saving for a 
5 subsequent calculation step adjacent links on which 
compression is used. 

A routing calculation step for a given number of 
compressions can use the Dijkstra algorithm and verify 
the number of compressions when adding a node to the 
10 route. 

In another embodiment of the invention, the network 
includes overflow links to an external network and the 
method comprises at least two routing calculation steps 
for a given number of overflows and for a given number of 
15 compressions, a routing calculation step for a number of 
overflows and a given number of compressions using 
information obtained during a routing calculation step 
for a number of overflows less than said given number of 
overflows . 

2 0 In this case the method preferably comprises choosing 

a cost function representative of the cost of overflows 
and the routing calculation minimizes the cost function. 

The calculation steps are preferably effected for a 
given number of overflows by varying the number of 
25 compressions and then by varying the number of overflows. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other features and advantages of the invention will 
become apparent on reading the following description of 
embodiments of the invention given by way of example and 

3 0 with reference to the accompanying drawings, in which: 

• Figure 1 is a diagrammatic representation of the 
implementation of the method of the invention in a 
private network with six nodes; 

• Figure 2 is a diagrammatic representation of the 
3 5 implementation of the invention in another private 

network; 
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• Figure 3 is a diagrammatic representation of the 
implementation of the invention in a further private 
network . 

MORE DETAILED DESCRIPTION 
5 The invention proposes, in a private network, to 

calculate a route by seeking the shortest path between an 
source node and a destination node, for a given value of 
the number of compressions and decompressions, and then 
increasing the value of the number of compressions and 
10 decompressions. Furthermore, to limit the number of 

calculations, the invention proposes to save the results 
obtained for a given value of the number of compressions 
and decompressions in order to use them in subsequent 
calculations . 

15 The invention is described hereinafter in the 

example of a private network comprising different types 
of link, namely links with or without compression; the 
network can also route voice or data calls. The example 
uses the following rules for routing across the network: 

2 0 -if possible, on passing from one node to the 

other, the aim is to retain the same call "quality" - 
compressed or not compressed - to reduce the freedom to 
compress and decompress in subsequent routing of the 
call ; 

25 • if compression is necessary to pass from one node 

to its neighbor, then the total number of compressions 
and decompressions performed to route the call must not 
exceed the chosen maximum limit; this limit can depend if 
necessary on the type of call in transit; the limit is 

3 0 advantageously determined to provide a quality of 

listening on arrival; 

• if a call arrives at a node in a compressed form, 
and if the next link allows it, the call is not 
decompressed; otherwise, the call can be decompressed. 

3 5 Figure 1 is a diagrammatic representation of the 

application of the method of the invention to a private 
network with six nodes. The network shown in Figure 1 
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comprises the six nodes 1 through 6 and the following 
links : 

* links without compression between nodes 1 and 3, 3 
and 2, 2 and 4, 4 and 5, 5 and 6, marked "a" in the 

5 figure; 

• links with compression between nodes 1 and 2, and 
2 and 6, marked "qc" in the figure. 

In the example described with reference to Figure 1, 
the aim is to find a route between the source node 1 and 

10 the destination node 6 with a maximum number NVcompMax of 
compressions and decompressions equal to 2. Intuitively, 
the solution is a route via node 2, with only one 
compression and decompression at node 6; as explained 
above, there is no decompression at node 2. 

15 To obtain the solution, the invention proposes to 

apply the Dijkstra shorter path calculation algorithm 
with modifications to satisfy the constraints on the 
number of compressions and decompressions. It proposes 
to apply the algorithm to seek successively shorter paths 

2 0 for given numbers of compressions and decompressions. In 

the Figure 1 example, the first step is to look for 
shorter paths with no compression, as symbolized in 
Figure 1 by the plane P(0); the algorithm next seeks 
shorter paths with compression in the plane P(l) and then 
25 shorter paths with two compressions and decompressions in 
the plane P(2) . The distance between the node s and the 
node n in a route with at most v compressions and 
decompressions is denoted 7r v (s, n) hereinafter. 

In Figure 1, the method is applied in the following 

3 0 manner. In the plane P(0), the algorithm considers 

routes without compression or decompression and 
calculates : 

n 0 (l, 3) =1 

7i 0 (l, 2) - 2, 

35 7C 0 (1, 4) = 3, 

7T 0 (1, 5) = 4, 

7t 0 (l, 6) = 5, 
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the shorter paths being shown in bold in Figure 1 . 

In the plane P(l), it considers routes with 
compression and calculates: 

2) = 1, using the link between 1 and 2, 
5 7Ci(l, 6) = 2, using the link between 1 and 2 and 

then the link between 2 and 6 without decompression at 
node 2 . 

In the plane P(2), it considers routes with two 
compressions or decompressions and calculates: 

10 7t 2 (l, 4) = 2, using the link between 1 and 2, with 

one compression and one decompression; 

7i 2 (l, 5) = 3, using the link between 1 and 2 and 
then the link between 2 and 6 without decompression at 
node 2 but with decompression at node 6 . 

15 The invention advantageously proposes using a step 

of calculating the shortest path used for a node in the 
preceding calculation step. Accordingly, still referring 
to Figure 1, in the calculation in plane P(l), the 
algorithm can exploit the fact that : 

2 0 - the link between node 1 and node 2 involves 

c ompr e s s i on , and 

- 7t 0 (l/ 2) = 2 and the link between node 2 and node 
6 involves compression, 

these two facts being determined during the shorter 
25 path calculation in the plane P(0) . In other words, in 
the plane P(0), at a node n, on reaching a link on which 
compression is possible, the distance 7t 0 (s,n) between the 
source node and the node n is noted and used in the 
calculation in the higher plane. This is symbolized, in 

3 0 Figure 1, by the dashed lines between the planes P(0) and 

P(D - 

In this way, 71! (1, 2) and ^(1, 6) can be calculated 
directly in plane P(l) . 

Similarly, the dashed lines between planes P(l) and 
3 5 P(2) indicate that the results obtained in the 

calculations in plane P(l) can be used in plane P(2) . 
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The Dijkstra algorithm or a similar shorter path 
calculation algorithm can be used for the calculations in 
each plane. In this case, during an iteration of the 
Dijkstra algorithm, when testing the adjoining nodes, the 
5 algorithm can verify if the maximum number of 

compressions is complied with. If so, the distance can 
be updated in a higher plane . 

In the Figure 1 example, in the plane P(2), 
recalculating the route with one compression from node 1 

10 to node 6 via node 2 is avoided. At node 6 in plane 

P(l), 7c 2 (l/5) is updated by determining that decompression 
is needed to use the link between 6 and 5. Likewise, at 
node 2 in plane P(l), 7T 2 (1,4) is updated by determining 
that decompression is needed to use the link between 2 

15 and 4. 

In a plane, if no shorter paths are found, or if no 
forward progress is possible, the given number of 
compressions is increased to move to a higher plane. 

This embodiment of the invention amounts to seeking 

2 0 successive paths involving a given number of compressions 

and decompressions and updating the distances in the 
higher planes on each change in the number of 
compressions or decompressions. The best path - if there 
is one - is 

NVCompMax 

25 7i*(s,d)= Min (7T v (s,d)) 

v=l 

The best path is therefore calculated with a number 
of compressions and decompressions less than the maximum 
number NVCompMax. The path is determined by moving 
backwards through the parent nodes from the destination 

3 0 node d and counting the number of compressions and 

decompressions . 

The algorithm seeks the predecessor of d in the 
plane P (h) , i.e. <t> h (d), where h is the value of v for 
which the minimum 7r*(s,d) is reached. For any node j_ on 
3 5 the route from s to d reached with k compressions and 
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decompressions the predecessor of j_ is chosen in the 
plane P (n) , n 2 k and 

7tn(s, j) + 7i(j, d) = 7i*(s, d) 

the distance 7t(j, d) being the distance on the optimum 
5 route already determined between ± and d. In this way 
the algorithm works back to the node s. The change of 
plane is then indicative of a change of compression. In 
this way it is possible to determine when the call must 
be decompressed or when it must be transitted without 

10 being decompressed. 

This embodiment concerns a private network in which 
there is a compressed signal at the exit from a link with 
compression that can be forwarded retaining its 
compression. Accordingly, in the calculations in the 

15 plane P (v) , the values of 7r v+1 (s, i) are updated. It is 
also possible to manage links necessarily generating a 
compression and a decompression - which can be the case 
with links using an external multiplexer or a compressor 
of some other kind. In this case, the values of 

20 7t v+2 (s, i) are simply updated on reaching a link using a 
multiplexer of this kind with an uncompressed signal. 
The signal must be decompressed before it enters the link 
on reaching a link using a multiplexer of the above kind 
with a compressed signal. In this case, the values of 

25 n v+2 {s, i) are updated. The invention therefore enables 
different types of compression to be managed and adapts 
to comply with all compatibility rules in the transfer of 
signals . 

What is more, in the Figure 1 embodiment, the 
3 0 emphasis is on compression and accordingly the links all 
have a value of 1 for the shorter path calculation. It 
is also possible, as in the Figure 2 embodiment, to 
consider a cost other than a unit cost, for example a 
cost representative of the use of the resources of the 
35 private network, typically a decreasing cost as the 
number of resources available decreases. 
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Figure 2 shows another embodiment of the invention. 
The Figure 2 example takes account not only of the 
problem of compression but also the problem of overflows 
to an external network. In this case, the invention 
5 limits the number of compressions and decompressions and 
also limits the number of overflows to an external 
network. This maintains the grade of service and limits 
call setup time . 

Figure 2 shows an example of a private network with 
10 four nodes numbered 1 to 4, signaling links between nodes 
1 and 2, 3 and 4, and a link without compression between 
nodes 2 and 3. Also, overflows are possible through an 
external network : 

• between nodes 1 and 2, with a charge of 1; 
15 • between nodes 1 and 4, with a charge of 3; 

• between nodes 3 and 4, with a charge of 1. 

This example seeks a route between node 1 and node 4 
which has at most two overflows Noverf lowMax and which 
minimizes the sum of the charges. The example does not 

20 consider compressions, but the invention also applies 
when compression is present, as shown by the embodiment 
described with reference to Figure 3 . 

Intuitively, the solution is a route with one 
overflow between nodes 1 and 2, via the private network 

25 between nodes 2 and 3, and with another overflow between 
nodes 3 and 4 . 

To obtain this solution, the invention proposes to 
use the Dijkstra shorter path calculation algorithm with 
modifications to satisfy the constraints on the number of 

3 0 overflows. It proposes to apply the algorithm to seek 

successively shorter paths for given number of overflows. 
In the Figure 1 example, the first step is to look for 
shorter paths with no overflow, as symbolized by the 
plane P(0) in the lower part of Figure 1; next the 

3 5 algorithm seeks a shorter path having at most one 

overflow in the plane P(l), and then a shorter path 
having two overflows in the plane P(2) . Hereinafter, 
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7r v (s, n) denotes the total charge incurred between node s 
and node n, which is infinite if the node cannot be 
reached. 

The Figure 2 application uses the method in the 
5 following manner. In plane P(0), the algorithm considers 
routes without overflow and the following are calculated: 

7I 0 (1, 2) = 00; 
7T 0 (1, 3) - CO; 
7T 0 ( 1 , 4 ) - CO; 

10 since it is impossible to reach any node of the network 
wi t hout over f 1 ow . 

In plane P(l), the routes with compression are 
considered and the following are calculated: 

n x (l, 2) = 1 with overflow between 1 and 2; 
15 7Ti(l/ 3) = 1 with overflow between 1 and 2 and then 

via the link between 2 and 3; 

(1, 4) = 3 with overflow between 1 and 4. 
In plane P(2), the routes with two overflows are 
considered and n 2 (l, 4) = 2, is calculated, with overflow 

2 0 between 1 and 2 and then between 3 and 4. 

As above, the invention proposes to use a step of 
calculating the shortest path used for a node in the 
preceding calculation step. Accordingly, referring to 
Figure 2, in the calculation in the plane P(l), it is 
25 possible to exploit: 

- the fact that an overflow is possible between node 
1 and node 2 , and 

- the fact that an overflow is possible between node 
1 and node 4, 

3 0 these two facts being determined during the shorter path 

calculation in the plane P(0) when examining the nodes 
neighboring node 1, indicating that nodes 2 and 4 can be 
reached only with an overflow. More generally, in the 
plane P(0), on reaching a node n with one possible 
35 overflow, the information is saved for the calculation in 
the higher plane. This is symbolized in Figure 1 by the 
dashed lines between the planes P(0) and P(l) . 2) 
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and 7^(1, 4) can therefore be calculated directly in plane 
P(l) . 

Similarly, the dashed line between planes P(l) and 
P(2) indicates that the result obtained from the 
5 calculations in plane P(l) can be used in plane P(2), 

i.e. on reaching node 3, node 4 cannot be reached because 
of the constraint on the number of overflows, but this 
node can be reached with two overflows. 

The method described with reference to Figure 1 can 

10 be used for the calculations, mutatis mutandis . The 

method described below with reference to Figure 3, and in 
the appendix, can also be used with advantage; the 
algorithm from the appendix can be simplified to take 
account only of overflows or only of compressions. 

15 The invention is described with reference to Figure 

2 in the situation of a cost calculated as the sum of the 
charge incurred for each overflow. Another form of 
calculating the cost of the overflow can be considered, 
for example the cost described in the patent application 

2 0 filed by the applicant under the title "Routing of calls 
with overflow in a private network" . This cost takes 
account not only of charges incurred because of overflows 
but also of occupancy of resources in the network; of two 
routes, the preferred one is the one with the lower sum 

2 5 of charges and, if the charges are the same, the route 

which makes best use of the resources of the network. 

Figure 3 shows a further embodiment of the invention 
in another private network. The Figure 3 example 
considers both a limitation on the number of compressions 
30 and decompressions and a limitation on the number of 
overflows . 

The Figure 3 network comprises four nodes numbered 1 
to 4 and links with a multiplexer between nodes 1 and 2, 
2 and 3, 3 and 4. As explained above, a link with 

3 5 multiplexing entails compression and decompression. To 

simplify the description of the figure, and because it is 
not possible to have only one compression, the 



14 

compressions and the decompressions are not counted, but 
rather the number of passes in a link with a multiplexer; 
this amounts to counting the compressions and 
decompressions 2 by 2; accordingly, plane P(0, 1) 
5 corresponds not to a compression but to a link with a 
multiplexer, i.e. in fact a compression and a 
decompression . 

An overflow is possible between nodes 1 and 4, with 
a charge of 1. The example seeks a route between the 
10 source node 1 and the destination node 4 with a maximum 
number NvcompMax of passes in a multiplexed link equal to 
2 and a maximum number NOverf lowMax of overflows equal to 
2. A route is sought which minimizes the cost 7i h/V (s, i) 
of the overflows, i.e. the total charge incurred because 
15 of the overflows. Intuitively, the solution is a route 
with direct overflow between nodes 1 and 4 . 
Overf low h/V (s, n) is the minimum number of overflows 
between s and n. 

To obtain the solution, the invention proposes to 

2 0 apply the Dijkstra algorithm to seek successively shorter 

paths for given numbers v of passes in a multiplexed 
link, on the one hand, and h of overflows, on the other 
hand. The Figure 1 example begins by seeking shorter 
paths with no compression (v=0) and no overflow (h=0) , as 
25 shown symbolically in the lower part of Figure 1 by the 

plane P(h=0, v=0) ; the algorithm then seeks shorter paths 
having a compression and no overflow in plane P(0, 1), 
followed by shorter paths having two compressions and 
decompressions and no overflow in plane P(0, 2) . 

3 0 Finally, paths with one overflow and no compression are 

sought in plane P(l, 0), which provides a solution. As 
in Figure 2, 7T h/V (s, n) is the pair formed of the number 
of overflows and the total charge incurred between node s 
and node n in a route with v compressions and 
35 decompressions and h overflows. 

In plane P(0, 0), routes with no compression or 
overflow are considered and the algorithm determines that 
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there is no route without compression or overflow. By 
testing the neighbors of node 1, it is found that node 2 
can be reached with one compression and node 4 can be 
reached with one overflow. This leads to updating of the 
5 distances in the planes P(0, 1) and P(l, 0), as shown in 
dashed line in the figure. 

In plane P(0, 1), routes with one compression and 
without overflow are considered and the algorithm 
determines that it 0 ,i(l, 2) has the value 0 and that other 

10 nodes cannot be reached. On examining the neighbors of 
node 2, it finds that node 3 can be reached with two 
compressions and the corresponding distance is updated in 
the plane P(0, 2), as shown by the dashed line between 
planes P(0, 1) and P(0, 2). 

15 in plane P(0, 2), it considers routes with two 

compressions and no overflow and finds that n Qt2 (^t 3) has 
the value 0 and that node 4 cannot be reached. 

In plane P(l, 0), it determines that node 4 can be 
reached with one overflow and that n li0 (l f 4) has the 

2 0 value I. 

This example seeks to minimize the number of 
overflows and the algorithm therefore stops as soon as 
the destination node has been reached in a plane. If the 
destination node is reached for a given number h 0 of 
25 overflows, the algorithm can continue with the 

calculations for the various values of v and consider the 
path which has a minimum distance for all possible values 
of v with h 2 h 0 . 

The appendix at the end of this description shows 

3 0 one method of carrying out the calculations for a network 

of the type shown in Figure 3. In this embodiment of the 
invention, the Dijkstra algorithm again handles the 
shorter path calculations in each plane. 

In the example set out in the appendix, the value of 
35 the number of overflow is scanned from 0 to NOverf lowMax 
and, for each value, the values of the number v of 
compressions and decompressions are scanned from 0 to 
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NVCompmax. The calculation is then done in each plane 
P(h, v) in succession. 

In each plane, the calculation begins with an 
initialization. If h and v are zero, in other words in 
5 the P(0, 0) plane, initialization is as follows: for all 
nodes other than the source node, the value of n hfV (s, n) 
is initialized to infinity; for any node of the network, 
(J> h/V (n) has a NULL value in the plane P (h, v) , i.e. no 
node has a predecessor in the tree of shorter paths. For 

10 h = 0 and v = 0, for nodes neighboring s, 7T 0/0 (s, n) is 
initialized to the corresponding value of the function 
ReadCost; this function estimates the cost of passage 
between two neighboring nodes on the link connecting them 
or on an overflow link connecting them. 

15 All nodes n other than the source node are then put 

in S, with a distance 7i 0/0 (s, n) . The function 
Verif Consistency (I (s, n) , h=0, v=0, s, n) then carries 
out a consistency check. This function checks the 
compatibility of the qualities of the current plane and 

2 0 prepares the cost for the next plane. In plane P(0, 0), 

it verifies the consistency between s and n, in other 
words it verifies that routing between s and n is 
possible . 

For values of h and v that are not both zero, i.e. 
25 in planes other than P(0,0), initialization is as 

follows: the set S is emptied and points are put in it 
for which the number of overflows is greater than or 
equal to the current value of h. This corresponds to the 
following approach: 

3 0 • if a node n has already been reached in a number 

of overflows less than h, i.e. if there is a path between 
the source node s and the node n with at least h 
overflows, the node cannot be brought closer to the 
source node by passing through a node with a number of 
35 overflows greater than or equal to h. It is therefore 

not necessary to put node n into s" . This corresponds to 
a choice of optimization in this embodiment of the 
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invention, for which the number of overflows is 
minimized, even at the cost of an additional compression; 

• if node n has already been reached in a number of 
overflows equal to h, i.e. if there is a path between the 
5 source node s. and node n with h overflows, node n can 
serve as a transit node to reach other nodes with h 
overflows; it can also move towards the root, subject to 
an additional compression or decompression; node n is 
then put in s" ; 

10 -if node n has already been reached in a number of 

overflows greater than h, i.e. if there is a path between 
the source node s and node n with more than h overflows, 
or if there is no path between s and n, node n can be 
brought close to the source node; it is then put in S . 

15 Accordingly, after initialization in the plane 

P(h, v) , all the nodes not yet reached or reached by 
routes with h or more overflows are in S . 

After initialization, paths are calculated in the 
plane P (h, v) . A calculation is performed in each plane 

2 0 using the Dijkstra algorithm, updating the values of 7C h/V 

in the higher planes, if no further progress is possible 
that conforms to the constraints on h and v. 

Node n of S which minimizes the charge 7r h ,v(s, i) is 
therefore considered. Thereafter the process is as in 
25 the Dijkstra algorithm; however, when the neighbors of n 
are considered, a verification is performed to determine 
if compression is necessary to move towards point n, or 
if decompression is necessary, as in the Figure 1 
example. The distance values in plane P(h, v+1) are 

3 0 updated in a corresponding manner. 

Furthermore, when a point in the vicinity cannot be 
reached except with an overflow, the corresponding 
distance value is updated in plane P(h+1) . In this 
plane, a verification is performed as previously to 
3 5 determine if compression or decompression is necessary; 
the compression and decompression constraints can also 
apply to an overflow link. 
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In one embodiment, if there is a link without 
compression supporting the overflow, the overflow is 
authorized only if the link is congested; this amounts to 
optimizing the resources of the private network before 
5 authorizing the overflow; a similar result could be 

obtained with a distance n taking account of the use of 
the resources of the network, as explained in the 
Applicants' aforementioned patent application. 

After processing the various planes, at least until 

10 a route reaching the destination node is found, the route 
is found as explained with reference to Figure 1. 

In the Figure 3 example, limiting overflow charges 
is given preference over the number of compressions and 
decompressions. This is reflected in the path through 

15 the calculation planes - starting by saturating the 
constraint on the number of compressions and 
decompressions before envisaging an overflow. Of course, 
the invention also functions in the contrary case, or 
more generally with any form of scanning the various 

20 possible planes. Using the notation h and v employed 
above, the invention scans the pairs (h, v) , with 
h 2 NVCompmax and v 2 NOverf lowMax. The process can be as 
described, scanning the values of v with constant h and 
then with increasing h; the values of h could also be 

2 5 scanned at constant v, after which v is increased. The 

calculations could also be done at constant h+v, or any 
other solution could be used. In particular, applying 
the algorithm in the appendix with v = 0 provides a 
solution for the Figure 1 calculation. 

3 0 The invention is not limited to the embodiments 

described; it applies more generally in any private 
network for calculating routes minimizing one or more 
charges and satisfying one or more constraints on a 
maximum value; in the Figure 1 example, the distance is 
3 5 minimized in terms of the number of links and the 

constraint is a constraint on the number of compressions 
and decompressions. In the Figure 2 example, an overflow 



cost is minimized and the constraint is a constraint on 
the number of overflows. In the Figure 3 example, the 
aim is to minimize the overflow charges and to conform to 
constraints on the number of compressions and 
decompressions and the number of overflows . Thus the 
invention can be applied to separate constraints and to 
varied cost functions. 

It would also be possible to eliminate the step of 
determining the minimum number of compressions or 
decompressions; the only consequence of this would be a 
longer calculation, where necessary, or unnecessary 
scanning of unsatisfactory solutions. 

In the preferred embodiments, the number of 
compressions and decompressions is counted. It is clear 
that only the number of compressions could be counted, or 
only the number of decompressions, likewise to limit the 
total number of compressions and decompressions. This is 
based on the generally applicable rule that a 
decompression necessarily follows an earlier compression. 
Note that this rule is not always valid if there is more 
than one type of compression. 

The invention applies also to network types 
different from those described in the preferred 
embodiments . 

Finally, the description and the claims mention the 
Dijkstra algorithm. It is to be understood that this 
term covers not only the version of the shorter path 
algorithm proposed by Dijkstra, but also similar 
versions, and in particular the Bellman algorithm or the 
Floyd algorithm. Note that the Bellman algorithm applies 
only for graphs without circuits. 
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Appendix 

For h = 0 to NOverflowMax do 
For v = 0 to NVcompmax do 
If v - 0 and h = 0 
Then 

V (h, v, n), 7t n ,v( s > n) = oo and <t>h,v( n ) NULL 

V n e Ts> 7to,0( s > n ) = ReadCost(l(s,n), h=0, v=0) 

PutInHeap(7ro,o(s J n), S) 
VerifConsistency(l(s, n), h=0, v=0, s, n) 

If not 

S=0 

Vnlf Overflow(s, n) 3 h 
Then 

If v = 0 PutInHeap(7i n ,0(s, n), S ) 

If not PutInHeap(Min[7Th J v(s, n),rch, v _i(s, n)], S ) 
End if 

End if 

End if 

While S *0 or MinS <oo,do 

Consider n such that 7i n ,v( s > n ) = Mul {^h,v( s > i) 9 i e S } 
Put (n ? 7i n ,v( s > n )) m S and remove n from S 
For p e T n and p e S 

c = ReadCost(l(n, p), h, v) 
If 7Ch,v(s, p) > 7%, v(s, n) + c Then 
*h,v(s, p) := *h,v(s> n) + c 

4>h,v(p) '= n 
End if _ 

UpdateHeap(7r n? v( s > P)> S ) 
If CompressionlsNecessary 
Then 

^h,v+l(s, P) := Min(7ih jV +l(s, p); nh,v(s, n) + c) 

IfnewTCh ?v +l(s, p) 

Then 

<!>h,v+l(p) = n 

End if 

End if 

If DecompressionlsNecessary 

*h,v+l(s, p) := Min(7ih,v+l(s, p); rch,v( s ' n) + c) 

If new wh, v +l(s, P) 

Then 

<t»h,v+l(p) = n 

End if 

End if 

If TheLinkCannotBeUsed 

c = ReadCost(overflowlink(n, p), h, v) 
If *h+l,v(s> p) > Tih+l,v(s, n) + c Then 

nh+l,v( s » P) := "h+l,v(s, n) + c 

♦h+l,v(p) 

End if 
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UpdateHeap(7ih+l , v (s, P), S ) 
If CompressionlsNecessary 
Then 

*h+l,v+l(s, p) := Min(7th+l ;V +l(s, p); 7th, v(s, n)+c) 

If new 7Ch+i jV +l(s, p) 

Then 



*h+l,v+l(s, p) := Min(7ih+l s v+l(s, p); 7ih,v(s, n) + c) 

Knew 7rh+i jV +l(s, P) 

Then 

<t>h+l ? v+l(p) = n 



<l>h+l,v+l(p) = n 

End if 

End if 
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If DecompressionlsNecessary 
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End if 



End if 



End if 



EndFor 
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EndWhile 

EndFor 

EndFor 



CLAIMS 

1 . - A method of routing between a source node and a 
destination node in a network having nodes connected by 
links, compression being used on at least one of said 
5 links, the method comprising at least two routing 

calculation steps for a given number of compressions, a 
routing calculation step for a given number of 
compressions using information obtained during a routing 
calculation step for a number of compressions less than 
10 said given number. 

2 . - A method according to claijar^fT^comprising choosing a 
cost function and wherein the routing calculation 
minimizes the cost function. 

15 

3. - A method according to claim 1, wherein a routing 
calculation step for a given nurpb^r of compressions 
comprises, at a node where the number of compressions 
from the source node is equal to the given number, 

2 0 seeking and saving for a subsequent calculation step 
adjacent links on which compression is used. 

4. - A method according to claim^3r7^wherein a routing 
calculation step for a given number of compressions uses 

25 the Dijkstra algorithm and verifies the number of 
compressions when adding a node to the route. 



5.- A method according to claim 1, wherein the network 
further comprises overflow links >€o an external network 

3 0 and wherein the method comprises at least two routing 

calculation steps for a given number of overflows and for 
a given number of compressions, a routing calculation 
step for a number of overflows and a given number of 
compressions using information obtained during a routing 

35 calculation step for a number of overflows less than said 
given number of overflows . 



6. - A method according to claim 5, comprising choosing a 
cost function representative of the cost of overflows and 
wherein the routing calculation minimizes the cost 
function. 

7. - A method according to claim 5, wherein the 
calculation steps are effected for^ -given number of 
overflows by varying the number of compressions and then 
by varying the number of overflows. 



ABSTRACT 



The invention concerns a method of routing between a 
source node and a destination node in a network having 
nodes connected by links, compression being used on at 
least one of said links, the method comprising at least 
two routing calculation steps for a given number of 
compressions, i.e. in a plane P (v) . A routing 
calculation step for a given number of compressions uses 
information obtained during a routing calculation step 
for a number of compressions less than said given number. 
In this way a cost function can be minimized whilst 
assuring that in the route obtained the total number of 
compressions remains less than a maximum value. The 
route can be calculated for a given number of 
compressions using the Dijkstra algorithm and verifying 
the number of compressions when adding a node to the 
route. In this case, on reaching a link for which the 
given number of compressions is exceeded, the distance to 
the source node is saved for a subsequent calculation 
step . 
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French Language 


Declaration 


En tant que l'lnventeur nomine ci-apres, je declare par le present 
acte que : 


As a below named inventor, I hereby declare that : 
Cao Thanh PHAN and Lahcen BENNAI 


Mon domicile, mon adresse postale et ma nationalite sont ceux 
figurant ci-dessous a cote de mon nom. 


My residence, post office address and citizenshiip are as 
stated next to my name. 


Je crois etre le premier inventeur original et unique (si un seul 
npm est mentionne ci-dessous), ou Tun des premiers co-inventeurs 
Oiginaux (si plusieurs noms sont mentionnes ci-dessous) de 
=f|bjet revendique, pour lequel une demande de brevet a ete 
:d^posee concernant l'invention intitulee 


I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought 
on the invention in the specification identified by Docket 
No. 




101356/ES/ESD 


elljdont la description est fournie ci-joint a moms que la case 
sjfivante n'ait ete cochee : 


the specification of which is attached hereto unless the 
following box is checked : 


[1 a et.6 depose le 

sous le numero de demande des Etats-Unis ou le numero 
de demande international PCT 
et modifie le 
(le cas echeant) 


was filed on 

as United States Application Number or PCT 
N International Application Number 

and was amended on 
(if applicable) 


Je declare par le present acte avoir passe en revue et compris le 
contenu de la description ci-dessus, revendications comprises, 
telles que modifiees par toutes modification dont il aura ete fait 
reference ci-dessus. 


I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims, as amenended by any amendment referred to 
above. 


Je reconnais devoir divulguer toute information pertinente a la 
brevetabilite, comme defini dans le Titre 37, § 1.56 du Code 
federal des reglementations. 


I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56. 
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French Language Declaration 

Je revendique par le present acte avoir la priorite etrangere, en vertu 
du Titre 35, § 119 (a)-(d) ou § 365 (b) du Code des Etats-Unis, sur 
toute demande etrangere de brevet ou certificat d'inventeur ou, en 
vertu du Titre 35 § 365(a) du meme code, sur toute la demande 
internationale PCT designant au moms un pays autre que les Etats- 
Unis et figurant ci-dessous et, en cochant la case, j'ai aussi indique 
ci-dessous toute demande etrangere de brevet, tout certificat 
d'inventeur ou toute demande internationale PCT ayant a une date de 
depot precedant celle de la demande a propos de laquelle une priorite 
est revendiquee. 

Prior foreign appHcation(s) 
Demande(s) de brevet anterieur(s) 
98 06765 France 



(Number) 
(Numero) 



(Country) 
(Pays) 



(Number) 
(Numero) 



(Country) 
(Pays) 



Je revendique par le present acte tout benefice, en vertu du Titre 35, 
§ H-?9(e) du Code des Etats-Unis, de toute demande de brevet 
prfvisoire effectuee aux Etats-Unis et figurant ci-dessous. 



(^plication N°.) 
(Npde demande) 



(Application N°.) 
(N^cle demande) 



(Filing Date) 
(Date de depot) 



(Filing Date) 
(Date de depot)) 



JeB&cIare par le present acte tout benefice, en vertu du Titre 35, § 
12bjHu Code des Etats-Unis, de toute demande de brevet effectuee 
au%j£ tats-Unis, ou en vertu du Titre 35, § 365(c) du meme Code, de 
touft demande internationale PCT designant les Etats-Unis et 
figBjant ci-dessous et, dans la mesure ou I'objet de chacune des 
revindications de cette demande de brevet n'est pas divulgue dans la 
deAMnde anterieure americaine ou internationale PCT, en vertu des 
dispositions du premier paragraphe du Titre 35§ 112 du Code des 
Etats-Unis, je reconnais devoir divulguer toute information 
pertinente a ma brevetabilite, comme defini dans le Titre 37, §1.56 
du Code federal des reglementations, dont j'ai pu disposer entre la 
date de depot de la demande anterieure et la date de depot de la 
demande anterieure et la date de depdt de la demande nationale ou 
internationale PCT de la presente demande : 



(Application No ) 
(No de demande) 



(Application No.) 
(No de demande) 



(Filing Date) 
(Date de depot) 



(Filing Date) 
(Date de depot)) 



Je declare par le present acte que toute declaration ci-incluse est, a 
ma connaissance, veridique et que toute declaration formulee a partir 
de renseignements ou de suppositions est tenue pour veridique; et de 
plus, que toutes ces declarations ont ete formulees en sachant que 
toute fausse declaration volontaire ou son equivalent est passible 
d'une amende ou d'une incarceration, ou des deux, en vertu de la 
Section 1001 du Titre 18 du Code des Etats-Unis, et que de telles 
declarations volomairement fausses risquent de compromettre la 
validite de la demande de brevet ou du brevet delivre a partir de 
celle-ci. 



I hereby claim foreign priority under Title 35, United States 
Code §1 19(a)-(d) or § 365(b) or any foreign application(s) for 
patent or investor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below, and have also 
identified below, by checking the box, any foreign application 
for patent or investor's certificate, or PCT International 
application having a filing date before that of application on 
which priority is claimed. 



August 06, 1998 



Priority claimed 
Droit de priorite revendique 
YES 



(Day/Month/Year Filed) 
(Jour/Mois/Annee de depot) 



(Day/Month/Year Filed) 
((Jour/Mois/Annee de depot) 



I hereby claim the benefit under Title 35, United Sates Code, 
§ 119(e) of any United States provisional application(s) listed 
below. 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 ofany United States appplication(s), or § 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code,§ 112, 
acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56 which became available between 
the filing date of the prior application and the national or PCT 
International filing date of this application. 



(Status)(patented, pending abandoned) 
(Statut)(brevete, en cours d' exam en, abandonne) 



(Status)(patented, pending abandoned) 
(Statut)(brevete, en cours d'examen, abandonne) 

I hereby declare all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true: and further that 
these statements were made with the knowledge, that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and and that such willful false 
statements may jeorpardize the validity of the application or 
any patent issued thereon. 
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French Language Declaration 




POUVOIRS : En tant que l'inventeur cite, je designe par la presente 
J'(les) avocat(s) et/ou agent(s) suivant(s) pour qu'ils poursuive(nt) la 
procedure de cette demande de brevet et traite(nt) toute affaire s'y 
rapportant avec l'Office des brevets et des marques : (mentionner le 
nom et le numero d'enregistrement) 


POWER OF ATTORNEY : As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith: {list name and 
registration number) 


John H Mion Reg No 18 879, Donald E Zmn Reg No 19 046, Thomas J Macpeack Reg No 19 292, Robert J Seas J R Reg No 21 092, Darryl Mexic Reg No 23 063, 
Robert V Sloan Reg No 22 775, Peter D Oiexy Reg No 24 513, J Frank Osha Reg No 24 625, Waddell A Biggart Reg No 24 861, Robert G McMarrow Reg No 19 093, 
Loins Gubinsky Reg No 24 835, Niel B Siegel Reg No 25 200, David J Cushing Reg No 28 703, John R Inge Reg No 26 9 16, Joseph J Ruch, J R Reg No 26 577, 
Sheldon 1 Landsman Reg No 25 430, Richard C Turner Reg No 29 710, Howard L Bernstein Reg No 25 665, Alan J Rasper Reg No 25 426, Kenneth J Burchftel Reg 
No 31 333, Goidon Kit Reg No 30 764, Susan J Mack Reg No 30 951, Frank L Berstein Reg No 31 484, Mark Boland Reg No 32197, William H Mandir Reg No 32 156, 
Scott M Daniels Reg No 32 562, Bnaan W Hannon Reg No 32 778, Abhraham J Rosner Reg No 33 276, Bruce E Kramer Reg, No 33 725, Paul F Neils Reg No 33 102, 
and Brett S Sylvester Reg No 32 765 


Adresser toute correspondance a : 


Send Correspondence to: 

SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC 
2100 Pennsylvania Avenue N.W. , Suite 800 
Washington, D.C. 20037 - 3702 


Adresser tout appel telephonique a : 

(nom et numero de telephone) 


Direct Telephone Calls to : 
(name and telephone number) 




Nljp coniplet de Punique ou premier inventeur 


Full name of sole or first inventor 

Cao Thanh PHAN 


Signature de l'inventeur Date 


Inventor's signature Date 

r ^^~ J^y 12, 1999 


Domicile 


Residence 

RUEIL MALMAISON, France 


Nattonalite 


Citizenship 

FRENCH 


At^bsse Postale 

. H; 


Post Office Address 




25 rue Guy de Maupassant 

92500 RUEIL MALMAISON, France 


Nom complet du second co-inventeur, le cas ech^ant 


Full name of second inventor, if any 

Lahcen BENNAI 


Signature du second inventeur Date 


Second inventory signature Date 

O^^ 5 ^ July 12, 1999 


Domicile 


Residence 

COLOMBES, France 


Nationalite 


Citizenship 

FRENCH 


Adresse Postale 


Post Office Address 




1 1 rue Jean-Jacques Rousseau 
92700 COLOMBES, France 


(Fournir les memes renseignements et la signature de tout co- 
inventeur supplementaire) 


(Supply similar information and signature for third and subsequent 
joint inventors) 
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